
634 C28H38010 

& Andreetti, 1983; Courtois et al., 1986; Suwifiska & 
Lipkowski, 1988). The conformation of the macrocy- 
clic ring is described by torsion angles (Table 3). The 
sequence of dihedral angles along the macrocylic ring 
is g+ ag g ag-aaOaag+ aag-g+ g g and is differ- 
ent from that for the complex of a-o-mannosido- 
benzo-18-crown-6 (II) with KSCN (Suwifiska & Lip- 
kowski, 1988) which was much closer to the 'ideal' 
conformation with energetically preferred gauche (g) 
conformation about C--C bonds and anti (a) about 
C--O bonds. The gauche conformation about 
C(11)--O(15), C(17)--O(18), C(37) - -O(38)and  
C(12)--O(38) bonds forces the macrocyclic ring into 
a highly distorted conformation, minimizing the size 
of the molecular cavity. The cavity, which in com- 
plexed form contains the K + cation, in the present 
structure contains H atoms H(11) and H(16a) which 
are pointing towards the center of the macrocyclic 
cavity, giving short intramolecular contacts 'across' 
the ring (Fig. 2). The O(21) and 0(32) atoms are out 
of the plane of the naphthalene rings by -0.082 (2) 
and + 0.183 (2) A, respectively. The four O atoms of 
the macrocyclic ring, O(18), O(21), 0(32) and 0(35), 
are coplanar to within 0.022 (2)/~; the remaining two 
O atoms deviate from that plane by -1.299 (2)/~ 
[O(15)] and - 1.019 (2)/~ [0(38)]. 

The shortest interatomic distances between non-H 
atoms of adjacent different molecules are: no C...C 
or O...O below 3.5 A, O...C 3.389 (4) A between 0(4) 
and C(30) at l - x ,  ) + y, 2 - z. 

This work was supported by Grant WPR-III/6 
from The Polish Academy of Sciences. The author is 
grateful to Dr Marek Pietraszkiewicz for the crystals 
used. 
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Abstract. C7H13PS , Mr = 160.2, monoclinic, P2Jc, a 
= 7.647 (1), b = 7.841 (1), c = 14.508 (4) A, /3 = 
99.96 (3) °, V= 856.8 (3) A 3, Z = 4, Dx = 
1.24 Mg m -a, A(fu Ka) = 1.5418/~, ~ = 
4-43 mm-l ,  F(000) = 344, T = 291 K, final R = 0.056 
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for 981 observed reflections. The phospholane rings 
of the 1-phosphabicyclo[3.3.0]octane 1-sulfide mol- 
ecule are cis-fused and both adopt an envelope 
conformation. In one ring the flap C atom is posi- 
tionally disordered. As a result of this disorder, the 
title compound exists in both an exo-endo conforma- 
tion (main occupancy) and an endo-endo conforma- 
tion in the solid state. 

© 1990 International Union of Crystallography 
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Introduction. As a result of theoretical and experi- 
mental investigations, the chair-chair conformation 
(CC) has been proved to be the preferred one for 
unsubstituted carbabicyclo[3.3.1]nonane. However, 
the boat-chair (BC) and boat-boat (BB) conforma- 
tions can be stabilized by appropriate substitution of 
or at the C atoms by heteroatoms or bulky substit- 
uents, respectively. Recently, we were able to 
show that the phospha-substituted compounds 1- 
phosphabicyclo[3.3.1]nonane 1-sulfide (Baumeister, 
Hartung & Krech, 1988) and 1,5-diphospha- 
bicyclo[3.3.1]nonane 1,5-disulfide (Hartung, Bau- 
meister, Rauch & Krech, 1988) adopt CC conforma- 
tions in the solid state. Similar conclusions arise from 
a consideration of the possible conformations of the 
bicyclo[3.3.0]octane system. For its cis-conformation 
analogous to CC, BC and BB, three flap isomers 
with endo-endo, exo-endo and exo-exo conforma- 
tions have to be considered. 

S 
II 

/CH2-P-CH2\  
CH2 I CFI2 

\ CH2-1P-CH 2 / 

S 

S 
II 

/CH2 - P - C H  2 
N 

CH2 CH 2 
\ CH2-CH-CH2 / 

(1) (2) 

As a result of our earlier X-ray studies the mol- 
ecules of 1,5-diphosphabicyclo[3.3.0]octane 1,5-di- 
sulfide (1) have been proved to be in an endo-endo 
conformation with C2v symmetry (Kaiser, Richter & 
Hartung, 1978; Hartung, Hickel, Kaiser & Richter, 
1979). That compound is dimorphic and its two 
modifications do not differ significantly in,molecular 
structure but only in crystal packing (packing 
polymorphism). We now present the results of an 
X-ray analysis of the closely related compound 
1-phosphabicyclo[3.3.0]octane 1-sulfide (2) in which 
only one bridgehead position is occupied by a P 
atom. 

Experimental. The title compound (2) was first syn- 
thesized by Krech (1978). A colorless clear crystal 
obtained by recrystallization from hexane with 
dimensions 0.08 x 0.24 × 0.28 mm was investigated 
on a Syntex P2~ diffractometer using graphite- 
monochromated Cu Ka radiation. Lattice param- 
eters were derived from least-squares refinement of 
the setting angles of 15 reflections. Intensity data 
measurements: 0-20 scan; 20max = 115°; h,k,l range 
from -8,0,0 to 8,8,15; 1127 unique reflections, 984 
with I___ 1.96o-(1) considered observed. After the 24 h 
of data collection process the intensities of check 
reflections had decreased by 24-2% for 022 and 

28.8% for 212 of their starting values. The decrease 
was obviously due to slight decomposition and 
appeared to be linear, therefore a 'linear-decay' cor- 
rection was applied. Lp corrections were carried out 
but absorption effects were ignored. The structure 
was solved by the direct-method routine of 
SHELXS86 (Sheldrick, 1986) and refined on F by 
full-matrix least squares with anisotropic dis- 
placement parameters for the non-H atoms. H atoms 
were included in the model at calculated positions 
(C--H = 1.08 ,~) and were 'riding' on the corre- 
sponding C atoms during the refinement. After 
omitting three reflections with large AF/o-(F), R was 
0.058. At this stage the displacement parameters of 
atom C(2) were significantly higher than those of the 
other C atoms. Moreover, a difference Fourier map 
revealed a peak at a position also geometrically 
allowed for C(2) with respect to its neighbors C(1) 
and C(3). Consequently, a disorder of C(2) was 
assumed with two alternative positions of this atom 
(hereafter referred to as A and B). The refinement 
was continued with two positions for C(2) and 
H(ll)...H(32) (Fig. 1) and an individual isotropic 
displacement parameter and geometric constraints 
(C--C = 1.54 A, C - - C - - C  = 112 °) for C(2B). The 
sum of the site-occupation factors over the alterna- 
tive conformations was unity and their values have 
been refined to 0.83 (2) and 0.17 (2) for A and B, 
respectively. The final weighting scheme was w - l =  
o-2(F) + 6.15 × 10-4F 2, an empirical extinction cor- 
rection was performed with Fcorr = F c ( l -  10-6xFc2/ 
sin0) where X refined to 3.6 (3). The final R was 
0.056 (wR = 0.066). Further details of refinement: 
11.1 reflections/parameter; in final cycle A/0. ___ 0.013; 
max. and min. heights in final difference Fourier 
synthesis 0.50 and -0.28 e A-3, respectively; atomic 
scattering factors from SHELX. Calculations were 
performed on an IBM-PC using programs XTL 
(Syntex, 1973), SHELX76 (Sheldrick, 1976) and 
SHELXS86 (Sheldrick, 1986). 

Discussion. Final fractional coordinates and equiva- 
lent isotropic displacement parameters are listed in 
Table 1.* The essential structural and conforma- 
tional features of the 1-phosphabicyclo[3.3.0]octane 
1-sulfide molecule are given in Figs. 1 and 2 and in 
Table 2. The phospholane rings I [C(1)...] and II 
[C(4)...] are cis-fused [common atoms P and C(7)] 
and both adopt envelope conformations with C(2) 
and C(5) as flaps. As already discussed, the structure 
of (2) is disordered in such a way that atom C(2) of 

* Lists of structure factors, anisotropic thermal parameters and 
H-atom parameters have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
52392 (10 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CH1 2HU, England. 
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Table 1. Positional parameters and equivalent 
isotropic displacement parameters (h 2) of non-H 

atoms with e.s.d.'s in parentheses 

U~q = (1/ 3 ) Y.TjU ~ *  aj*ai.aj. 

x y z U~q 
S 0.7992 (2) -0-1944 (2) 0.60807 (8) 0.0625 (5) 
P 0-8034 (2) 0.0492 (2) 0.63799 (6) 0.0440 (4) 
C(I) 0-7255 (6) 0.1030 (6) 0.7463 (3) 0.060 (2) 
C(2A) 0-5330 (9) 0.1680 (10) 0-7071 (5) 0.074 (3) 
C(2B) 0.638 (7) 0.279 (3) 0.725 (2) 0.12 (2)* 
C(3) 0-5412 (7) 0-2858 (7) 0.6230 (4) 0.075 (2) 
C(4) 0-7868 (7) 0-3162 (7) 0.5218 (4) 0.068 (2) 
C(5) 0-9520 (7) 0-3387 (7) 0-5984 (4) 0.070 (2) 
C(6) 1.0093 (6) 0.1620 (7) 0.6330 (3) 0.059 (2) 
C(7) 0.6584 (6) 0.1966 (6) 0-5619 (3) 0.053 (2) 

* Isotropic displacement parameter. 

Table 2. Bond lengths (A) and angles (o) 
in parentheses 

with e.s.d. 's 

P--S 1-957 (2) C(3)--C(2A) 1-540 (9) 
P C ( l )  1.823 (5) C(3)--C(2B) 1.541 (22) 
P--C(6) 1.818 (5) C(3)---C(7) 1.535 (7) 
P----C(7) 1.833 (5) C(4)--C(7) 1.543 (7) 
C(1)--C(2A) 1.569 (8) C(4)---C(5) 1.541 (7) 
C(1)--C(2B) 1.541 ( 2 7 )  C(5)--C(6) 1.513 (8) 

S--P---C(1) 114.9 (2) C(I)--C(2B)--C(3) 109.9 (1.3) 
S--P---C(6) 116.5 (2) C(2A)--C(3)--C(7) 107.0 (5) 
S--P----C(7) 119-8 (2) C(2B)---C(3)---C(7) 108-1 (1.2) 
C(1)---P--C(6) 109.6 (3) C(5)---C(4)----C(7) 107.1 (4) 
C(1)--P--C(7) 96.9 (2) C(4)--C(5)--C(6) 106.8 (4) 
C(6)---P----C(7) 96.2 (2) P--C(6)---C(5) 104.8 (4) 
P---C(1)----C(2A) 100.9 (4) C(3)---C(7)--C(4) 114.5 (4) 
P--C(1)---C(2B) 103-5 (7) P---C(7)----C(3) 107.0 (3) 
C(1)---C(2A)---C(3) 108.5 (5) P---C(7)---C(4) 104.6 (4) 

particular with those in the three above-mentioned 
closely related phosphabicycloalkane sulfides. The 
coordination around the P atom is that of a slightly 
distorted tetrahedron. The C--P- -S  bond angles are 
all increased from tetrahedral [mean 117.1 (20) °] 
whereas the C- -P- -C  angles are ideal or decreased 
[mean 100.9 (62)°]. The molecular packing is shown 
in Fig. 3. No intermolecular contact is significantly 
shorter than the sum of the appropriate van der 
Waals radii. Because this is true for both conforma- 

H 6 1 ~  

~ H12A 

~ ) H 1 2 B  

• VH21B 

H31B 

~ H 3 1 A  

Fig. 1. ORTEP plot (Johnson, 1976) of the molecular structure of  
(2) showing atom labels and disordering of phospholane ring I 
[thermal ellipsoids at the 50% probability level, arbitrary size of 
atom C(2B) and H atoms]. 

ring I can occupy two alternative positions A and B 
with site-occupation ratio of about 5:1. The main 
component has an exo-endo conformation with 
C(2A) turned towards and C(5) turned away from 
the S atom whereas the by-component adopts an 
endo-endo conformation. This result is a rather sur- 
prising one considering the sole appearance of the 

• endo-endo conformation in both crystalline modifi- 
cations of (1). It should be mentioned here that a 
variable-temperature NMR study revealed the exist- 
ence of only one conformer of (2) in solution. As can 
be seen from Fig. 2, the deviation from ideal 
envelope geometry is rather different for the three 
phospholane rings. The distortion is nearly insigni- 
ficant for rings IA and IB but fairly marked for ring 
II. All atoms defining the best least-squares plane 
through P, C(1), C(3), C(7) (plane 1) are coplanar 
within experimental error whereas the three C atoms 
of plane 2 [through P, C(4), C(6), C(7)] deviate to 
some extent [about _+0.080 (5)A] from this plane. 
The angle between planes 1 and 2 is 113.4 (2) ° and is 
nearly the same as 112.0 ° in 1-phosphabicyclo[3.3.1], 
nonane 1-sulfide (Baumeister, Hartung & Krech, 
1988). The observed bond lengths and angles agree 
well with corresponding values in the literature, in 

S 

17"8 (3) II 25'8 (4) 
C6 f., C1 \ 

k h~ ' [ -  19.9 (1.2)] £o~. ~ k  ~ -  

C5 6" II o" I 

C4 C7 [23'8 (1"3)] C3 
- 33"6 (4) - 23"7 (5) 

Fig. 2. Endocyclic torsion angles (o) of the phospholane rings in 
(2). Values in square brackets refer to position B of the dis- 
ordered atom C(2). 

Fig. 3. PLUTO plot (Motherwell, 1978) of the crystal structure. 
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tions, there are no simple crystal-packing arguments 
for the observed preference of the exo-endo con- 
formation. 

The authors thank Mr A. Kowalski (University of 
Wroctaw) for performing the linear-decay correction 
of intensity data. 
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A Charge-Transfer Complex of Benzene with a Highly Twisted Perylene Derivative 
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Abstract. 2C6H6.C26H6C18N204, benzene-l,2,5,6,7,8,- 
11,12-octachloro-N,N'-dimethylperylene-3,4:9,10-bis- 
(dicarboximide) (C18DMP) (2/1), Mr = 850.20, ortho- 
rhombic, Pna21, a = 23.076 (2), b = 7.2492 (6), c = 
20.277 (2) A, V = 3392.0 (8) A 3, Z = 4, Om= 
1.69 (1), Dx = 1.665 g cm -3, /z(Mo Ka, a = 
0.71073 A) = 7.1 cm-1,  F(000) = 1712, T =  
297 (1) K, RF = 0-061 for 2134 observed reflections. 
The structure contains alternating benzene and 
C18DMP molecules stacked along b to form a 2:1 
donor-acceptor complex. The CI8DMP molecule is 
highly twisted as a result of short intramolecular bay 
CI...C1 contacts [3.109 (3), 3.136 (3) A]. The central 
ring of the perylene fragment is substantially dis- 
torted from planarity; internal torsion angles range 
from 16 (1) to 32 (1) °. 

Introduction. The highly chlorinated derivative of 
perylene, CI8DMP, was prepared as part of an effort 
to synthesize and examine a series of electron 
acceptors as candidates for incorporation in solar 
photovoltaic cells (Panayotatos, Parikh, Sauers, 
Bird, Piechowski & Husain, 1986) designed to work 
in the p-n mode with a compatible pair of stable 
solid organic dyes. The unchlorinated perylene 
diimide is a well known commercial dye and an 

* Present address: Department of Technology, St. Cloud State 
University, St. Cloud, MN, USA. 

efficient photoconductor (Popovic, Loutfy & Hor, 
1985), but lacks strong electron affinity. It is also an 
exceedingly insoluble seven-ring aromatic molecule. 
C18DMP has greater electron affinity and is soluble 
in a variety of organic solvents. Crystallization from 
a solution of C18DMP in benzene yielded a 2:1 
benzene-C18DMP complex whose structure we 
report here. 

Experimental. C18DMP was prepared by reacting 
commercially obtained N,N'-dimethylperylene- 
3,4:9,10-bis(dicarboximide) at 333 K with chloro- 
sulfonic acid and excess chlorine; iodine was used as 
a catalyst. Mass-spectral analysis of the reaction 
product indicated the presence of hexachloro, hepta- 
chloro, and octachloro derivatives which were sepa- 
rated by column chromatography (silica-gel column, 
benzene eluent). Diffraction-quality crystals were 
grown by evaporation from benzene. 

Structure solution: Dm by flotation; dark-red prism 
0-25 × 0.35 × 0.45 mm; Enraf-Nonius CAD-4 
diffractometer; graphite-monochromated Mo Ka 
radiation; 0-20 scan. Reciprocal-lattice symmetry 
and systematic absences (Okl, k + l = 2n + 1; hOl, h = 
2 n +  1) consistent with space group Pna21. Cell 
constants from setting angles of 25 reflections with 
13-40 < 0 < 18.26°; data corrected for Lorentz, 
polarization and absorption (empirical correction, 0 
scan; 0-95 < T < 1-00) effects. Variation in intensity 

0108-2701/90/040637-04503.00 © 1990 International Union of Crystallography 


